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(57) ABSTRACT

A method and apparatus for a mobile communication device
such as a mobile telephone includes a communication sys-
tem that operates using narrow band-internet of things
communication. The mobile communication device
switches from communication using a mobile telephone
communication system to communication using the narrow
band-internet of things communication upon occurrence of
a condition. The condition may include the mobile commu-
nication apparatus being out of range of a base station for the
mobile telephone communication network or the battery
level of the mobile communication device falling below a
threshold. The mobile communication apparatus may switch
from discontinuous reception to extended discontinuous
reception If the battery power falls below a second thresh-
old, or may switch to a power save mode if the battery power
falls below a third threshold. Fewer services are available
with the narrow band-internet of things communication, but
the range 1s extended and power usage 1s less.
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CELLULAR TELEPHONE NETWORK TO
NARROW BAND—INTERNET OF THINGS
NETWORK SWITCHING METHOD AND
APPARATUS

TECHNICAL FIELD

The present disclosure relates generally to a method and
apparatus for switching between wireless communication
systems 1 a mobile device and, more particularly, to a
method and apparatus for switching between communica-
tion using a telephone network and communication using a
machine type communication (MTC) or narrow band-Inter-
net of things communication network.

BACKGROUND

Mobile communication devices such as mobile tele-
phones, smart phones, tablet computers, personal digital
assistants, e-book readers, game systems, and other mobile
devices may communicate using a mobile telephone net-
work such as a cellular mobile telephone network. A popular
cellular communication standard 1s LTE (long term evolu-
tion), which 1s regularly used in smart phones and tablet
computers. Another common cellular communication stan-
dard 1s GSM (global system for mobile communication).
Cellular telephone networks provide coverage or communi-
cations over areas within the coverage range of an antenna
of a cellular transmitter/receiver, which are often mounted
on a tower, a building or other location. However, the
communication coverage may not extend to certain areas.
For example, a mobile device may be unable to establish
and/or maintain a cellular communication link with a cel-
lular transmitter/recerver if the device 1s located 1n a base-
ment, within a parking garage, within certain buildings, or at
other 1solated or shielded locations. The mobile device may
also be unable to establish or maintain a cellular communi-
cation link when out of range of a cellular transmitter/
receiver, 1.e. beyond the coverage area by the cellular
network.

Mobile communication devices such as mobile tele-
phones, smart phones, tablet computers, personal digital
assistants, e-book readers, game systems, and other mobile
devices require a mimmum level ol power to maintain
communications through a mobile telephone network or
cellular telephone network. The mobile device requires the
mimmum level power to maintain even an idle connection
with the cellular transmitter/receiver. For example, main-
taining an idle connection between the mobile device and
the cellular transmitter/receiver in LTE operating mode may
consume 4.5 mW or more of power. Maintaining an 1idle
connection between the mobile device and the cellular
transmitter/receiver i GSM (global system for mobile com-
munication) operating mode may consume 3.5 mW or more
of power. When battery power for the device falls below the
required minimum level, the device may no longer commu-
nicate on the mobile telephone network.

It would be an advantage to extend the area within which
the mobile device may commumnicate. It would be an advan-
tage to enable communication with the mobile device using,
a communication system that consumes less power. It would
be an advantage to enable communication by the mobile
device even when battery power 1s low.

DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic diagram showing an operating range
of wireless communication between a cellular transmitter/
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receiver and a mobile device using known cellular commu-
nication technology, for example LTE, and an extended

communication range available to the mobile device using
narrow band-internet of things technology;

FIG. 2a 1s a functional block diagram showing a system
with add-on elements to enable switching between wireless
communication systems;

FIG. 26 1s a functional block diagram showing an inte-
grated system that enables switching between wireless com-
munication systems;

FIG. 3a 1s a flow chart showing a process for switching
from an LTE network to an NB-IoT/MTC network;

FIG. 3b 15 a flow chart showing the services oflered by the
wireless communication systems in the wireless communi-
cation systems of FIG. 3a;

FIG. 4a 1s a block diagram showing connection processes
for switching wireless communications of FIG. 3a under
current standards:

FIG. 4b 1s a block diagram showing connection processes
for switching wireless communications of FIG. 3aq under a
modified standard;

FIG. 5 1s a graph of frequency over time showing bands
for communication using an LTE network and for commu-
nication using a narrow band-internet of things network;

FIG. 6 1s a schematic illustration of communication
switching between a mobile device and an eNode B or base
transceiver; and

FIG. 7 1s a communication diagram showing switching
between a cellular network and a narrow band-internet of
things network.

DETAILED DESCRIPTION

Currently the known MTC (machine type communica-
tion) or NB-IoT (narrow band-internet of things) use cases
are targeted toward use in machines and not for use 1n
mobile phones. User equipment such as a mobile telephone
using L'TE (long term evolution) cellular communication or
other radio-based communications may benefit from
enhancements 1ntroduced for MTC/NB-IoT communica-
tions. For example, a user equipment such as a mobile phone
may benellt from power saving or extended coverage. MTC
and NB-Io'T communication networks are being designed to
provide extended coverage (at a 15-20 dB higher sensitivity
than legacy wireless communication systems) for use cases
where IoT (internet of things) devices may be installed.
Internet of things (Io'1) network coverage may be provided
in parking lots, parking garages, basements, etc. where there
1s no or limited cellular telephone coverage. The user
equipment may remain connected 1n an extended coverage
area for example to provide critical emergency services.

For purposes of the present method and apparatus, narrow
band-internet of things (NB-IoT) communication and
machine type communication (MTC) may be used inter-
changeably and each may refer to the other.

According to aspects of the present method and apparatus,
the user equipment may utilize the internet of things network
without any change 1n the standards that apply to wireless
communication networks. Some further improvements may
be provided for commumnications by a user equipment 1n an
internet of things network through a change in the wireless
communications standards.

In general, support of NB-Io'T/MTC communications and
legacy RATs (radio access technology) communications,
which may include Bluetooth, WikF1, 3G, 4G and/or LTE
communication, 1n the same UE (user equipment), such as a
mobile phone in this example, may be provided either
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through an add-on system or an integrated system. In
particular, the additional communication capability may be
added to existing communications system chips or may be
integrated 1nto a single communication system chip.
Extend coverage of the communication area and/or use of

lower power 1s provided by use of a multi-mode modem 1n
the mobile device which modem 1s capable of switching to
MTC/NB-IoT mode. The switch to the MTC/NB-IoT com-
munication mode comes at a cost of limiting the set of
supported communication services while in the MTC/NB-
IoT mode.

In a PLMN (public land mobile network) search, after the
user equipment searches for legacy RAT (radio access
technology) networks and does not finding coverage, the
user equipment tries to find MTC/NB-IoT coverage.

Because the MTC/NB-IoT mode requires less power of
the communicating device, extend battery life may be
obtained by switching the user equipment to the MTC/NB-
IoT mode. This may be important 1f maintaining the remain-
ing battery life of the user equipment 1s critical.

Switching from a legacy radio communication network
(1.e. LTE) to an MTC/NB-IoT communication network may
be simplified by performing a search for MTC-NB-IoT cells
while the user equipment 1s still attached and 1n communi-
cation with the legacy radio communication network. The
detection of MTC/NB-IoT cells while the user equipment 1s
attached to the legacy network will be faster and without any
power penalty for m-band and guard-band NB-IoT deploy-
ments. The same RF (radio frequency) samples are collected
for 1ntra-frequency measurements.

Within the NB-IoT mode, operation of the device may be
chosen from normal operation, extended DRX (discontinu-
ous reception) operation, or PSM (power saving mode)
operation to optimize power consumption based on different
thresholds of battery life and/or to provide diflerent sets of
services that are available at the different operation levels.
Improvement 1n Battery Life:

It may be possible to extend the battery life of a user
equipment by switching the communication from a cellular
telephone network communication to communications via a
NB-IoT mode. Comparative examples are provided of a
legacy LTE modem (a multimode platform) and an NB-IoT
modem with i1dle mode power consumption for a DRX cycle
of 1280 ms. A reduction of about 75% 1n power consumption
1s seen for the NB-IoT modem when compared with LTE
mode of operation. When Compared with the GSM mode of
operation, power consumption 1s reduced by about 63%
when compared to NB-IoT commumnication mode.

Comparison Reduction in Idle mode Power

with legacy Die size consumption (no PSM with
L.TE Multimode reduction DRX cvycle of 1280 ms)
platform (with all LTE GSM
NB-IoT Modem interconnects) functionality functionality

~85% ~15% ~63%

The improvement 1n overall power consumption for the
different use cases detailed in herein 1s shown 1n the table
below.

Use case Improvement 1n Battery life

Switch to NB-IoT: Normal
DRX Cycle

Battery life improves by a
factor of 4.5
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-continued

Use case Improvement in Battery life

Switch to NB-IoT: Extended
DRX Cycle

Battery life improves by a
factor of 4.5 (when compared
to extended DRX 1n legacy)
For all practical purpose
battery is preserved till next
charge, and used only for user
initiated SMS services.

Switch to NB-IoT: (Power
Save Mode) PSM Mode

The decision criteria for the user equipment operation to
be switched from legacy RATs to MTC/NB-IoT 1s described

in greater detailed with reference to the figures. In certain
embodiments, the switch from LTE, for example, to NB-IoT
comes at a cost of fewer available services via the user
equipment.

An even greater power saving can be accomplished by
switching the operation while using NB-IoT communica-
tions from extended DRX to Power Save Mode (PSM). In
the power save mode, the user equipment conserves power
by going into a deep sleep with a power consumption of
about 15 uW; however, only user equipment initiated data
services with low data rate requirements, such as SMS (short
message service), will be available in power save mode.
Improvement 1n Cell Coverage:

User equipment, such as a mobile telephone, may become
unreachable when legacy cellular coverage 1s not available.
The cell communication range of the user equipment may be
extended according to aspects of the present method and
apparatus, but 1n the extended coverage area the multimode
user equipment only supports services that are supported by
the NB-IoT communication network.

Referring to FIG. 1, a diagram of coverage area for
communications provides a simplistic representation with a
single transmitter/receiver antenna 12. The transmitter/re-
celver antenna 12 may be a base station 1n a GSM system or
an eNode B transmitter/recerver imn an LTE system. The
transmitter/recerver 12 may instead represent a Wik1 node,
a Bluetooth system, or any other wireless communication
system. In the example, the transmitter/receiver antenna 12
1s operable to communicate with a mobile device 14 within
its operating range. For a cellular telephone system, the
range 1s referred to as a cell, and indicated by a circle 16. The
mobile device 14 1s within the cell coverage area or cell 16
and so may commumnicate with the eNode B or other antenna
12. As indicated in the figure, the wireless service within the
cell 16 includes normal coverage for a compatible user
equipment 14. The MCL (maximum coupling loss) for
establishing and maintaining communication within the cell
16 1s about 140 dB. The cell 16 1s shown as circular in shape,
but may be other shapes depending on obstacles and the like.
In most installations a plurality of transmitter/receiver anten-
nas are provided 1n an arrangement of overlapping cells.

In FIG. 1, a mobile device 18 may be located outside the
coverage area or cell 16. The mobile device 18 may be the
same mobile device 14 as shown within the cell 16 which
has been moved out of the cell 16 or the device 18 may be
a different mobile device. The mobile device 18 cannot
establish and maintain communications with the transmitter/
receiver 12 as a result of distance or because of blocking or
shielding of the signals between the mobile device 18 and
the transmitter/recerver 12 or for other reasons. Any mobile
telephone commumnications between the mobile device 18
and the transmitter/receiver 12 ceases. In some aspects, the
mobile telephone communications may be considered to
have been paused. The mobile device 18 1s however within
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range of a narrow band-internet of things (NB-IoT) network
as indicated by 20. The narrow band-internet of things
network may operate according to L'TE standards and may

operate according to a proposed future narrowband 5G
standard. The mobile device 18 1s able to establish and

maintain communications with the transmitter/receiver 12 in
the extended range, as indicated between the outer boundary
of the cell 16 and within the coverage area 20. The maxi-
mum coupling loss (MCL) for the extended coverage area 1s
160 dB. As a result of the extended range, the coverage area
may extend to for example parking lots, basements, parking,
garages, and other structures and locations where the cell
coverage 16 1s not available.

The aspects of the present method and apparatus may be
provided without a change to the current communication
standards. A device such as a mobile device including a
cellular telephone or tablet computer may be provided with

support for both legacy RATs and MTC/NB-IoT 1n the same

device. Such a device may be implemented 1n any of several
different ways. For example, different decision criteria may

be applied for switching between legacy radio access tech-
nologies (RATs) and NB-IoT.

In a first aspect, the determination for switching between
the two technologies 1s based on coverage limitations. A
modification may be made 1n the PLMN (public land mobile
network) search procedure to identify the extended network
to which the user equipment will switch 1n response to the
device being outside of the coverage area of the mobile
telephone network.

In a second aspect, the determination for switching
between the two technologies 1s based on the remaiming
battery life of the mobile device or user equipment. The
switch to the NB-IoT communications as a power saving
measure may be performed automatically by the device
upon sensing a predetermined battery power level or other
criteria or event. The switch may be performed at the
permission ol the user who may be asked for approval for
the switch.

The switch may be performed when requested by the user
or by another party so that battery power of the device may
be preserved. The user or another party may set a level, an
event, or other criteria at which the switch 1s made. Diflerent
triggers may be provided to cause the user equipment to go
into diflerent power saving states.

In a third aspect, the determination for switching between
the two technologies 1s based on the services requested or
required by the user or by another party. The NB-IoT or
MTC communication mode has limitations on supported
services that differ from those of other wireless communi-
cation technologies, such as LTE. Based on a service
required by the user equipment, the communication network
may be switched between the two technologies.

The present method and apparatus may detect the pres-
ence of NB-IoT cells for mn-band and guard-band deploy-
ment when the user equipment 1s attached to legacy RAT,
using an RF capture for intra-frequency measurements.

As described herein, the present method and apparatus
provides switching between the RAIs without standards
support. However, the method and apparatus may provide
turther advantages and features if the standards that apply
are changed. For example, the present method and apparatus
may indicate to a caller that the user equipment has been
switched from a full service radio access communication to
an MTC/NB-IoT communication, or may indicate to a caller
that the user equipment only supports certain services while
connected for the MTC/NB-Io'T communications.
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A change 1n the standards may provide for fast switching
between the legacy radio access communication network
and the MTC/NB-IoT network. Fast switching may be
particularly provided for switching to and from in-band
and/or guard band NB-IoT. The in-band and guard band and
legacy system switching may be more readily provided
when the MTC/NB-IoT communication and legacy commu-
nication are with the same eNode B or base station.
Possible Device Configurations:

A possible device configuration provides that a NB-IoT
communication system may be provided in a phone with a
multimode modem and that the communication may be
switched between the legacy telephone and NB-IoT com-
munications. Since NB-IoT chips are of very low cost and
small die size, 1t 1s feasible technically and in terms of cost
to erther add the NB-IoT chip to the phone or to combine the
two systems together into a single chip or system in the
phone.

In FIG. 2a, a communication system 30 1s provided with
an add-on for providing the switching function to device 32
having a legacy LTE wireless communication system 34. In
the figure, the add-on functionality 1s referred to as a Velcro
solution. The legacy LITE communication system 34
includes a legacy LTE protocol stack 36 that communicates
with a legacy LTE PHY (physical layer) 38. The legacy LTE
communication system 34 operates to enable the device 32
to communicate on an LTE network.

The add-on functionality 1s provided an add-on commu-
nication system 40 within the device 32. The add-on com-
munication system 40 includes an NB-IoT protocol stack 42
that communicates with an NB-IoT PHY (physical layer) 44.
The add-on communication system 40 operates to enable the
device 32 to communicate on a narrow band-internet of
things network. The NB-Io'T protocol stack 42 1s connected
at 46 with the legacy LTE protocol stack 36 and the NB-IoT
physical layer 44 1s connected at 48 with the legacy LTE
physical layer 38. A control 49 1s provided to control
whether the mobile communication device communicates
using the legacy LTE system 34 or the narrow band-internet
of things system 40, for example using conditions discussed
herein.

In FIG. 2b, an integrated system 50 1s provided 1n a device
52. The integrated system 50 includes a legacy L'TE protocol
stack 54 which has a narrow band-internet of things protocol
stack functionality at 56. The device 52 has a legacy LTE
physical layer (PHY) 58 which also handles procedures
related to a narrow band-internet of things physical layer
component 60. The protocol stack 34 and physical layer 58
communicate with one another as indicated at 62. A control
63 1s provided to control whether the mobile communication
device communicates on the L'TE system or on the narrow
band-internet of things system, as determined by the con-
ditions described herein.

FIG. 3a shows an operation mode 70 for a mobile device.
The device may operate 1n 1n a legacy LTE operation mode
as indicated at 72. In the illustrated example, a first trigger
at 74 occurs when the battery of the device drops below a
first threshold TH1. When the first trigger occurs, a search
1s begun for MTC/NB-IoT coverage, as indicated at 76. In
the example, the MTC/NB-IoT coverage i1s available, as
indicated at 78. The device switches to the MTC/NB-IoT
communication network mn a normal DRX (discontinuous
reception) mode of operation, as indicated at 80. The device
ceases communicating using the legacy telephone commu-
nication mode. The device may operate at the normal DRX
mode until the battery level drops below a second threshold

TH2 as indicated at 82. The second threshold 82 is at a lower
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battery power level than the first threshold 74. Once the
battery level drops below the second threshold 82, the device
operates on an extended DRX cycle at indicated at 84. The
extended DRX cycle will be explained in turther detail
heremn. If the battery power level drops further and for
example drops below a third threshold level TH3 as indi-
cated at 86, which i1s a level lower than the second threshold
level TH2 at 82, the device switches to an NB-IoT power
save mode as shown at 88.

Of course, the operation mode shown illustrates an
example 1n which the device 1s not connected for recharging
of the battery betfore reaching the power save mode. If the
battery 1s recharged at some point in the process, the
operating mode may return to the legacy LTE operation 72
and reestablish the telephone communication. In certain
examples, the charging of the battery to exceed the third
threshold level TH3 at 86 causes the device to change from
power save mode to extended DRX cycle mode. If the
battery 1s charged further so that the battery power level
exceeds the second threshold TH2 at 82, the device may
switch from extended DRX cycle mode at 84 to MTC/NB-
IoT normal DRX mode operation at 80. Further charging of
the battery so that the battery exceeds the first threshold TH1
at 74 may cause the device to return to LTE operation at 72
and reestablish the telephone communication. Although the
arrows 1n the diagram 70 show the tlow process 1n a single
downward direction, the process may flow in either the
upward or downward directions depending on movement of
the device into and out of coverage areas, receipt ol com-
mands from the user or from others, and changes in the
battery level relative to threshold levels.

Although three threshold levels TH1, TH2 and TH3 are
shown, 1t 1s also possible that a single threshold level may
be provided or only two thresholds or more than three
thresholds may be provided.

The operation mode diagram 70 also provides for a
second trigger. If the device i1s operating using the LT
operating mode at 72, and the device 1s moved out of an LT
coverage area, the device sense the limited coverage and
activates the second trigger at 90. The device begins search-
ing for MTC/NB-IoT coverage at 76. If MTC/NB-IoT
coverage 1s available at 78, the device switches operating
mode to communicate using MTC/NB-IoT normal DRX
operation, as indicated at 80. If the power level of the battery
drops below the second and third thresholds TH2 and TH3
as shown at 82 and 86, the operating mode may change to
the extended DRX and power save modes as needed. How-
ever, since the second trigger 90 1s unrelated to the battery
level, 1t 1s possible that the device may return to an LTE
coverage arca while still having a battery power level above
the first threshold TH1, in which case the device may return
to LTE operation 72.

The thresholds may depend on the specific UE and on
other parameters like running applications, battery capacity,
user activity etc., and could well be UE vendor specific. One
example, though, could be 1n terms of percentages of battery
charge, such as for threshold 1: ~20%, threshold 2: ~13%,
threshold 3: ~10% of battery power. In certain examples,
these may be overridden by the user or another party.

Two triggers are shown in the example. It 1s envisioned
that only one of the triggers may be provided for example
cither the battery level trigger or the coverage trigger. It 1s
also envisioned that additional triggers may be provided as
well. For example, the device may have a user selectable
mode to switch the operation from LTE to MTC/NB-IoT
mode, or to any of the other modes. The example discloses
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LTE mode. Other communications networks may be pro-
vided 1nstead, such as GSM, 3G, 4G, WiFi1, Bluetooth, or
other wireless technologies.

FIG. 3b 1s a diagram of services offered 100 shown
alongside the operating mode levels of FIG. 3a. Aligned
with the LTE operation 72 of the operating mode 1s a block
102 showing that when operating at LTE mode, the device
overs all services supported by legacy LTE communications.
It the device switches to MTC/NB-IoT normal DRX mode
at 80, the services oflered 1n this mode may 1nclude incom-
ing and outgoing SMS/data, normal latency 1n call set up,
and lower power consumption than legacy LTE mode of
operation, as shown at 104. If the device switches to
extended DRX cycle at 84 the services 1n this mode are show
at 106. The services may include mcoming and outgoing
SMS/data, extended latency 1n call setup, and more power
saving than MTC/NB-IoT normal DRX operation. If the
device switches to the power save mode at 88, the services
oflered may include outgoing SMS/data, extended latency 1n
call setup, and almost full power saving achievable using
NB-IoT as indicated at 108.

FIG. 4a shows a first method of switching services
between LTE or other legacy communication and MTC/NB-
Io'T. The mobile device operates in LTE mode as shown at
110. When triggered to change operation, such as by lack of
LTE coverage or low battery power, the device detaches
from the LTE network at 112 and then attaches to the
MTC/NB-IoT network at 114. Once attached, the device
operates on the MTC/NB-IoT network as indicated at 116. If
needed, the device may operate 1n the modified DRX mode
or power save mode as shown 118, which 1s performed
without detaching and attaching. To switch the device back
to LTE mode, the device must detach from the MTC/NB-IoT
network as shown at 120. The detachment may be user
triggered or may be automatic. Once detached from the
MTC/NB-IoT network, the device attaches to the LTE
system at 122 and returns to LTE operation. In order for the
device to make the change between the LTE network and the
MTC/NB-IoT network, the device must detach from one and
then attach to the other. The attaching may include searching
for a signal, handshaking, exchange of 1dentity information,
etc. The detaching/attaching steps are required under the
current standards, which do not permit switching between
the two systems.

FIG. 4b shows switching of operating modes 11 a change
1s made 1n the standards to accommodate switching. A
device operates 1n LTE mode at 130. When triggered to
change, the device performs a switch from LTE to MTC/
NB-IoT at 132 using network assistance (NW assisted). In
particular, the LTE network may provide identily informa-
tion and other information about the device and the connec-
tion to the MTC/NB-IoT network. Once the operation 1s
switched, the device operates on the MTC/NB-IoT network
as shown at 134. The operation may include operation with
a modified DRX mode or a power save mode as shown at
136. When the switch 1s made make to the LTE mode from
the MTC/NB-IoT network, the switch 1s also network
assisted as indicated at 138. In this example, the switch may
be made from MTC/NB-IoT to LTE by recovery of the
battery power level, or when triggered by a user, or when a
request 1s made for a service that 1s not supported by the
MTC/NB-IoT mode.

Without a standards change, the UE has to signal a detach
event from L'TE network, and perform additional signalling
to attach to the NB-IoT network. This may also include a
fresh search of NB-Io'T PRBs (physical resource blocks) and

subsequent control messaging from the network. With a
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standards change, the network can treat the switch as a kind
of Inter RAT handover and send the details of the PRB
location and assist 1n 1ts transition. This will save signalling
overhead and speeds up the procedure. The handovers
resemble the Inter RAT handovers are used 1n legacy RATs.
But the handovers according to the present method and
apparatus may be UE 1nitiated 1n this case, depending on 1ts
own status based on chosen evaluation criterion for switch-
ing.

FIG. 5 shows a frequency graph 140. The device has a
system bandwidth (BW) as indicated at 142. Within the
system Irequency band 1s the frequencies for operating the
legacy L'TE communication mode as indicated at 144. NB-
IoT may operate at a frequency that 1s within the system
bandwidth 142 and which itself occupies a small bandwidth,
as shown at 146. This 1s referred to as in-band NB-IoT. It 1s
also foreseen that the NB-IoT mode may operate at frequen-
cies outside of the legacy LTE bandwidth, for example 1n a
band 150. The band 150 may be adjacent or near the system
bandwidth 142 and may be referred to as a guard band. MTC
operates within LTE bandwidth so 1t 1s not necessary to
define 1n-band and guard bands for MTC communications.
In-band and guard band communications are defined for
NB-IoT communications. Switching from the L'TE frequen-
cies to the MTC/NB-IoT frequencies 1s shown by arrow 148.
In the illustration, switching from the LTE mode to the
NB-IoT mode 1n a guard band 1s shown by an arrow 152. As
shown by the bracket 154, signals at frequencies within the
LTE system bandwidth including the MTC, NB-IoT in-band
frequencies, as well as the guard band frequencies if a guard
band NB-Io'T mode 1s selected, all may be managed by the
same e Node B, or base station, as well.

In certain examples, the LTE communications may oper-
ate over a bandwidth of greater than 1.4 MHz. The NB-IoT
communications may operate over a bandwidth of about 200
KHz. When the UE switches 1ts mode to NB-IoT, 1t will still
be 1n contact with an NB-Io'T eNB. Effectively, the UE (user
equipment) stops receiving in its legacy RAT mode and
switches to 200 KHz bandwidth reception following NB-IoT
protocols. This will enable the UE to leverage the features
provided by NB-IoT standard, especially, significant power
saving and extended coverage.

The NB-IoT has the following 3 options to deploy 1ts 200
KHz bands. Standalone: This mode has NB-IoT deployed as
a separate 200 KHz band altogether. This mainly corre-
sponds to re-farmed GSM carriers (those that used to be for
GSM deployment, but no longer used). Guard band: Since
the bandwidth 1s only 200 KHz, an entire NB-IoT system
can be deployed within the guard bands separating different

LTE bands. This 1s the Guard band mode. In band: A
bandwidth of 200 KHz corresponds to about 1 PRB (physi-
cal resource block) (180 KHz) in LTE. So, an operator can
deploy NB-Io'T within the LTE band, with one or more PRBs
dedicated to NB-IoT usage. The eNB takes care of the
scheduling part to prevent legacy LTE UEs from using these
PRB:s.

With reference to FIG. 6, a mobile device such as a smart
phone 160 1s attached to a base station or ¢ Node B1 162,
which may be a cellular telephone tower or other antenna or
transceiver, to provide LTE operation according to legacy
LTE standards as shown at 163. When a switching criteria 1s
satisiied, such as by degraded coverage, low battery power,
or a user selection or trigger, the communications are
switched as shown at 164 so that the mobile device 160
communicates with a base station or ¢ Node B2 166 to
provide communication using the MTC/NB-IoT mode as

shown at 168. The base station 166 used for the MTC/NB-
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Io'T mode may be the same base station 162 as used for the
LTE mode, or the base station 166 may be a diflerent base
station than the base station 162 used for communication in
the LTE mode.

When switched back to LTE operation from the MTC/
NB-IoT mode, as shown at 170, the mobile device may
switch modes while communicating with the same base
station or may switch modes and also switch base stations.
The base station 162 to which the communications are
switched may be the same base station 162 with which the
mobile device communicated when previously used for LTE
communication, or the base station may be a different base
station. The switch from MTC/NB-IoT mode to LTE mode
may be the result of recovery of the battery power, a user
triggered change, or a request for a service not supported by
the MTC/NB-IoT mode.

In FIG. 7, user equipment 180 1s shown making a switch
to a MTC/NB-Io'T mode, with support from legacy commu-
nication standards for switching. A legacy LTE ¢ Node B or
base station 182 sends a first message 184 to the user
equipment 180 at a given periodicity. The first message 184
1s a SIB (system information block) message providing
NB-IoT configuration information. An RRC (radio resource
control) Connected communication 186 1s established
between the user equipment 180 and the base station 182. A
measurement 1s performed at 188. In this example, the
measurement 188 has indicated the received signal strength,
for example, as sensed by the user equipment. A switching
decision 190 1s made based on the measurement 188.

A request 192 to switch to the MTC/NB-IoT mode 1s sent
from the user equipment 180 to the base station 182. The

base station 182 sends a request 194 to switch to the
MTC/NB-IoT mode to a MTC/NB-IoT e Node B base

station 196. The MTC/NB-IoT base station send a switching
acknowledgement 198 back to the L'TE base station 182. The
LTE base station 182 sends an RRC connection reconfigu-
ration message 200 to the user equipment 180. A connection
202 15 established for synchronization of the user equipment
with the MTC/NB-IoT e Node B base station 196. The
MTC/NB-IoT base station 196 send a message 204 to the
user equipment 180 relating to UL (uplink) allocation and
TA (tracking area) for the user equipment. The user equip-
ment 180 returns a signal 206 to the MTC/NB-IoT base
station 196 to show that the RRC connection reconfiguration
1s complete. Lastly, the MTC/NB-IoT base station 196 send
a signal 208 to the LTE base station 182 informing the LTE
base station 182 that the user equipment may be released as
a context release.

If support from the 3GPP standard 1s favored, then to
switch from legacy LTE to NB-IoT, flow could be as
follows. The UE sends an RRC message to switch the RAT
to NB-IoT. The network sends an RRC connection recon-

figuration message with details on: EARFCN used for the
NB-IoT PRB, Frequency oflset with respect to the EARFCN

(E-UTRAN Absolute Radio Frequency Channel Number),
PCI (physical cell 1identity) for that, and Mode of deploy-
ment of the NB-IoT PRB. The user equipment may then use
this information to transition from L'TE to NB-IoT, do the
initial synchronization and start ofl with camping. SIBs can
also have these contents to facilitate easy switching when
UE decides to do so.

Thus, there has been shown and described a hardware
system following two approaches, a Velcro solution or
add-on system, in which each RAT has its own modem
connected by a shared interface. In the second system, an
integrated solution 1s provided in which hardware for a

legacy LTE PS and PHY 1s re-used with the MTC/NB-IoT
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physical layer and protocol stack. Power domain downscal-
ing may be provided in the integrated system.

In the MTC/NB-IoT mode, certain services are not avail-
able. However at very low battery, or when coverage from
legacy RATs are not available 1t may be very valuable to
remain reachable through SMS, and preserve battery for UE
(user equipment) mitiated calls/SMS.

When battery power goes below Threshold_1, or when
the user equipment goes out of coverage and does not find
any of the legacy RATs, the user equipment shall mitiate a
PLMN (public land mobile network) search for MTC/NB-
IoT coverage. When the battery life falls even further, the
user equipment switches to Extended DRX cycles. When
power goes below Threshold 3, the user equipment starts
using PSM (power save mode) after notifying the NW
(network) about the power condition. The mechanism to
send this indication 1s already there for NB-IoT and MTC.

Without standards change, the transition from the L'TE to
the NB-IoT mode and vice versa has to be through a
detach-and-attach procedure. However, for the extended
coverage trigger 1t anyway does not matter, as the user
equipment shall have to find the MTC/NB-IoT coverage on
its own.

An optimization in NB-IoT cell detection may be pro-
vided when the user equipment battery 1s low or when the
user equipment’s legacy coverage 1s getting weaker. The
user equipment can already search for NB-IoT coverage
while the user equipment 1s connected to Legacy LTE,
especially for in-band and guard-band NB-IoT deployment.

The position of a legacy LTE and in-band/guard-band
NB-IoT managed by the same eNB has been shown 1n FIG.
5, so a common RF capture for intra-irequency measurement
may be processed to detect the presence of an n-band
NB-IoT. In case of a guard-band the RF (radio frequency)
capture needs to be wider. However the user equipment does
not have to tune the RF to other frequencies and try to detect
for in-band and guard-band deployments. This would result
in faster identification of m-band/guard-band NB-IoT cells:

A standard changes may be provided. For example, the
tollowing 3GPP standard support will make the use of mode
switching more eflicient. A new standard may provide
system information in legacy LTE to indicate the availability
of NB-IoT networks. A new standard may provide additional
SIBs (signal information blocks) mn LTE indicating the
presence ol NB-IoT cells in the same eNB (e Node B) or in

the neighborhood. A new standard may provide an indica-
tion to the caller after a mode switch.

After the user equipment 1s switched to the NB-IoT/MTC
mode, the user equipment according to certain aspects
cannot support a voice call (1in NB-IoT mode), and network
can inform the caller about user equipment’s non-availabil-
ity for a voice call but report 1ts availability over SMS. When
the user equipment 1s switched back to LTE, NW (network)
can indicate to the callers about availability of the user
equipment for voice call again.

New standards may provide network assistance for mode
switching. Handover-like signaling may be provided to
assist the user equipment to do the mode switch from LTE
to NB-IoT and vice versa. In the mode switch command, the
eNB can indicate to the user equipment details such as
in-band/guard band/standalone NB-Io'T operation, eftc.

Additions may be provided in user equipment capability
information. The user equipment may indicate 1ts capability
to switch between the two modes during the user equipment

capability exchange. The network may then be ready to
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support such a switch whenever the battery level or a user
triggers 1t. The entire detach and attach procedure can be
skipped.

In a first aspect, a method for operating a mobile com-
munication device, comprising: establishing a first commu-
nication link between the mobile communication device and
a first base station based on a mobile telephone communi-
cation; ceasing the first communication between the mobile
communication device and the first base station; establishing
a second communication link between the mobile commu-
nication device and a second base station based on a narrow
band-internet of things communication.

In a second aspect, a method of the first aspect, wherein
the ceasing communicating and the establishing a commu-
nication link are performed 1n response to a battery level in
the mobile communication device falling below a predeter-
mined threshold.

In a third aspect, a method of the second aspect, wherein
the predetermined threshold 1s a first threshold; and further
comprising: communicating between the mobile communi-
cation device and the second base station using the narrow
band-internet of things communication based on a first
communication type using a first battery power; ceasing
communicating using the narrow band-internet of things
communication based on the first communication type 1n
response to the battery level falling below a second prede-
termined threshold; and communicating using the narrow
band-internet of things communication according to a sec-
ond communication type in response to the battery level
falling below the second predetermined threshold, the sec-
ond predetermined threshold being a lower battery power
level than the first predetermined threshold, the second
communication type using less battery power than the first
communication type.

In a fourth aspect, a method of the third aspect, wherein
the first communication type 1s discontinuous reception, and
wherein the second communication type 1s extended discon-
tinuous reception.

In a fifth aspect, a method of the third aspect, further
comprising: ceasing communicating using the second com-
munication type in response to the battery power level
falling below a third predetermined threshold, the third
predetermined threshold being at a battery power level that
1s lower than the second predetermined threshold; and
communicating between the mobile communication device
and the second base station using a third communication
type 1n response to the battery power level falling below the
third threshold, the third communication type using less
battery power than the second communication type.

In a sixth aspect, a method of the fifth aspect, wherein the
third communication type 1s a power saving mode.

In a seventh aspect, a method of the first aspect, wherein
the first base station and the second base station are the same
base station.

In an eighth aspect, a method of the first aspect, wherein
the first base station and the second base station are diflerent
base stations.

In a ninth aspect, a method of the first aspect, wherein the
ceasing communicating and the establishing communication
are performed upon the mobile communication device being
out of range of the first base station.

In a tenth aspect, a method of the first aspect, wherein the
ceasing communicating and the establishing communication
are performed upon recerving a user command.

In an eleventh aspect, a method of the first aspect, wherein
the ceasing communicating includes detaching a communi-
cation link between the mobile communication device and
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the first base station, and wherein the establishing commu-
nication included attaching a communication link between
the mobile communication device and the second base
station.

In a twelfth aspect, a method of the first aspect, wherein
the ceasing communicating and the establishing communi-
cation includes a handover of the mobile communication
device information from the first base station to the second
base station.

In a thirteenth aspect, a method of the first aspect, wherein
the communicating using the narrow band-internet of things
communication uses a communication system added-on to a
mobile telephone communication system in the mobile
communication device.

In a fourteenth aspect, a method of the first aspect,
wherein the communication using the narrow band-internet
of things communication uses a communication system
integrated with a mobile telephone communication system
in the mobile communication device.

In a fifteenth aspect, a method of the first aspect, wherein
the narrow band-internet of things communication operates
at Irequencies that are 1n either guard band frequencies or
in-band frequencies of the frequencies at which the mobile
telephone communication operates.

In a sixteenth aspect, a method of the first aspect, wherein
the mobile telephone communications include LTE mobile
telephone communications.

In a seventeenth aspect, a mobile communication appa-
ratus, comprising: a first communication system configured
to establish communication between the mobile communi-
cation apparatus and a first base station based on a mobile
telephone communication; and a second communication
system configured to establish communication between the
mobile communication apparatus and a second base station
based on narrow band-internet of things communication.

In an eighteenth aspect, a mobile communication appa-
ratus of the seventeenth aspect, wherein the second com-
munication system 1s added-on to the first communication
system.

In a nineteenth aspect, a mobile communication apparatus
of the seventeenth aspect, wherein the second communica-
tion system 1s integrated with the first communication sys-
tem.

In a twentieth aspect, a mobile communication apparatus
of the seventeenth aspect, further comprising: a control for
switching between the first communication system and the
second communication system upon detecting a predeter-
mined condition.

In a twenty-first aspect, a mobile communication appa-
ratus of the twentieth aspect, wherein the predetermined
condition 1s a condition selected from the set of conditions
consisting of: a battery power level below a predetermined
threshold, the mobile communication apparatus being out of
range of the first base station, and receipt of a user command
to switch communication systems.

In a twenty-second aspect, a mobile communication sys-
tem of the seventeenth aspect, wherein the mobile telephone
communication includes LTE communication.

In a twenty-third aspect, a method adapted to operate an
apparatus used in a mobile communication device, the
method comprising: establishing a first commumnication
between a {first base station and the mobile communication
apparatus using mobile telephone communication, wherein
the mobile communication apparatus 1s within range of the
first base station and has a battery power level above a
predetermined threshold; ceasing the first communication
when the mobile communication apparatus 1s out of range of
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the first base station or the battery power level 1s at or below
the predetermined threshold; establishing a second commu-
nication between a second base station and the mobile
communication device based on narrow band-internet of
things communication.

In a twenty-fourth aspect, a method of the twenty-third
aspect, further comprising: resuming the first communica-
tion between the mobile communication apparatus and the
first base station when the mobile communication apparatus
1s within range of the first base station or the battery power
1s above the predetermined threshold.

In a twenty-fifth aspect, a method of the twenty-third
aspect, wherein the ceasing the first communication 1s 1n
response to receipt of a user command.

In a twenty-sixth aspect, a method of the twenty-third
aspect, wherein the narrow band-internet of things commu-
nication includes discontinuous reception communication
between the mobile communication device and the second

base station.

In a twenty-seventh aspect, a method of the twenty-third
aspect, wherein the first base station includes a plurality of
first base stations.

In a twenty-eighth aspect, a method of the twenty-third
aspect, wherein the first base station and the second base
station are a same base station.

In a twenty-ninth aspect, a method of the twenty-third
aspect, wherein the first base station 1s a diflerent base
station than the second base station.

In a thirtieth aspect, a method of the twenty-third aspect,
wherein the ceasing communication using the mobile tele-
phone commumnication includes detaching the mobile com-
munication apparatus from the {first base station, and
wherein the mitiating communication using narrow band-
internet of things commumnication includes attaching the
mobile communication apparatus to the second base station.

In a thirty-first aspect, a method of the twenty-third
aspect, wherein the mobile telephone communication
includes L'TE (long term evolution) mobile telephone com-
munication.

In a thirty-second aspect, a method of the twenty-third
aspect, wherein the first and second base stations are eNo-
deB base stations.

In a thirty-third aspect, a method of the twenty-third
aspect, wherein the ceasing communication using the mobile
telephone communication includes detaching the mobile
communication apparatus from the first base station, and
wherein the establishing communication using narrow band-
internet of things commumnication includes attaching the
mobile communication apparatus to the second base station.

In a thirty-fourth aspect, a method of the twenty-third
aspect, further comprising: switching from discontinuous
reception to extended discontinuous reception in response to
a battery power level of the mobile communication appara-
tus falling below a second threshold, the second threshold
being a battery power level lower than the predetermined
threshold; and switching to power save mode 1n response to
the battery power level of the mobile communication appa-
ratus falling below a power save threshold, the power save
threshold being a battery power level lower than the second
threshold.

In a tharty-fifth aspect, a method of the twenty-third
aspect, further comprising: switching from discontinuous
reception to extended discontinuous reception upon a battery
power level of the mobile communication apparatus falling
below a second threshold, the second threshold being a
battery power level lower than the predetermined threshold.
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In a thirty-sixth aspect, a method of the twenty-third
aspect, further comprising: switching from discontinuous
reception to power save mode upon a battery power level of
the mobile communication apparatus falling below a power
save threshold, the power save threshold being a battery
power level lower than the predetermined threshold.

In a thirty-seventh aspect, a mobile communication appa-
ratus, comprising: a battery connected to supply power to the
mobile communication apparatus; a first communication
system 1n the mobile communication apparatus, the first
communication system being constructed and operable to
provide communication between the mobile communication
apparatus and a first base station using a mobile telephone
communication; a second communication system 1in the
mobile communication apparatus, the second communica-
tion system being constructed and operable to provide
communication between the mobile communication appa-
ratus and a second base station using narrow band-internet
of things communication; a control for switching from the
mobile telephone communication using the first communi-
cation system to the narrow band-internet of things com-
munication using the second communication system upon
occurrence of a condition, the condition being selected from
the set of conditions consisting of: a battery power level of
the battery falling below a predetermined threshold, the
mobile communication apparatus being out of range of the
first base station, and receipt of a user command.

While the foregoing has been described in conjunction
with exemplary aspects, it 1s understood that the term
“exemplary” 1s merely meant as an example, rather than the
best or optimal. Accordingly, the disclosure 1s 1ntended to
cover alternatives, modifications and equivalents, which
may be included within the scope of the disclosure.

Although specific aspects have been illustrated and
described herein, 1t will be appreciated by those of ordinary
skill 1n the art that a variety of alternate and/or equivalent
implementations may be substituted for the specific aspects
shown and described without departing from the scope of
the present application. This application 1s intended to cover
any adaptations or variations of the specific aspects dis-
cussed herein.

The 1nvention claimed 1s:

1. A method for operating a mobile communication
device, comprising:

establishing a {first communication link between the

mobile communication device and a first base station
based on a mobile telephone communication;
pausing the {first communication between the mobile
communication device and the first base station;

establishing a second communication link between the
mobile communication device and a second base sta-
tion based on a narrow band-internet of things com-
munication, the second communication link providing
a reduced service communication compared to the
mobile telephone communication of the first commu-
nication link, the reduced communication service being
available at a lower power consumption level than the
power level required for the first communication link
and at a lower signal level than the signal level required
for the mobile telephone communication.

2. A method as claimed in claim 1, wherein the pausing
communicating and the establishing a communication link
are performed 1n response to a battery level 1n the mobile
communication device falling below a predetermined
threshold, the predetermined threshold being a level
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required to maintain the mobile telephone communication
between the mobile communication device and the first base
station.

3. A method for operating a mobile communication
device, comprising:

establishing a first communication link between the

mobile communication device and a first base station
based on a mobile telephone communication;
pausing the first communication between the mobile
communication device and the first base station;

establishing a second communication link between the
mobile communication device and a second base sta-
tion based on a narrow band-internet of things com-
munication;

wherein the pausing communicating and the establishing

a communication link are performed in response to a
battery level 1n the mobile communication device fall-
ing below a predetermined threshold;

wherein the predetermined threshold 1s a first threshold;

and further comprising:
communicating between the mobile communication
device and the second base station using the narrow
band-internet of things communication based on a first
communication type using a first battery power;

pausing communicating using the narrow band-internet of
things communication based on the first communica-
tion type 1n response to the battery level falling below
a second predetermined threshold; and

communicating using the narrow band-internet of things
communication according to a second communication
type 1n response to the battery level falling below the
second predetermined threshold, the second predeter-
mined threshold being a lower battery power level than
the first predetermined threshold, the second commu-
nication type using less battery power than the first
communication type.
4. A method as claimed in claim 3, further comprising:
pausing communicating using the second communication
type 1n response to the battery power level falling
below a third predetermined threshold, the third pre-
determined threshold being at a battery power level that
1s lower than the second predetermined threshold; and

communicating between the mobile communication
device and the second base station using a third com-
munication type in response to the battery power level
falling below the third threshold, the third communi-
cation type using less battery power than the second
communication type.

5. A method as claimed 1n claim 1, wherein the mobile
telephone communication and the narrow band-internet of
things communication are carried out along different signal
pathways in a same base station, the first base station and the
second base station being the same base station.

6. A method as claimed 1 claim 1, wherein the pausing
communicating and the establishing communication are
performed upon one of: the mobile communication device
being out of range for mobile telephone communication with
the first base station, and upon receiving a user command.

7. A method as claimed 1n claim 1, wherein the pausing
communicating includes detaching a mobile telephone com-
munication link between the mobile communication device
and the first base station, and

wherein the establishing communication included attach-

ing a reduced service communication link between the
mobile communication device and the second base
station.




US 9,906,991 Bl

17

8. A method as claimed 1n claim 1, wherein the pausing
communicating and the establishing communication
includes a handover of the mobile communication device
information from the first base station to the second base
station.

9. A method as claimed 1n claim 1, wherein the narrow
band-internet of things communication operates at frequen-
cies that are 1n either guard band frequencies or in-band
frequencies of the frequencies at which the mobile telephone
communication operates.

10. A mobile communication apparatus, comprising:

a first communication system configured to establish a
first communication between the mobile communica-
tion apparatus and a {irst base station based on a mobile
telephone communication, the first communication
including voice communication; and

a second communication system configured to establish a
second communication between the mobile communi-
cation apparatus and a second base station based on
narrow band-internet of things communication, the
second communication being a reduced services com-
munication lacking voice communication, the second
communication being at one of a reduced power level
than the voice communication and over an extended
range compared to the voice communication.

11. A mobile communication apparatus as claimed 1n
claim 10, wherein the second communication system 1s
added-on to the first communication system.

12. A mobile communication apparatus as claimed 1in
claam 10, wherein the second communication system 1is
integrated with the first communication system.

13. A mobile communication apparatus as claimed 1n
claim 10, further comprising:

a control for switching between the first communication
system and the second communication system upon
detecting a predetermined condition.

14. A mobile communication apparatus as claimed 1n
claim 13, wherein the predetermined condition 1s a condition
selected from the set of conditions consisting of: a battery
power level below a predetermined threshold, the mobile
communication apparatus being out of range for the first
communication with the first base station, and receipt of a
user command to switch communication systems.

15. A method adapted to operate an apparatus used 1n a
mobile communication device, the method comprising:

establishing a first communication between a first base
station and the mobile communication apparatus using
mobile telephone communication, wherein the mobile
communication apparatus 1s within range of the first
base station for mobile telephone commumnication
including voice communication and has a battery
power level above a predetermined threshold, the pre-
determined threshold being suflicient for voice com-
munication;

pausing the first communication when the mobile com-
munication apparatus 1s out of range for voice com-
munication with the first base station or the battery
power level 1s at or below the predetermined threshold;

establishing a second communication between a second
base station and the mobile communication device
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based on narrow band-internet of things communica-
tion, the second communication providing reduced
services compared to the mobile telephone communi-
cation, the second communication lacking voice com-
munication.

16. A method as claimed 1n claim 135, further comprising:

resuming the first communication between the mobile

communication apparatus and the first base station
when the mobile commumnication apparatus 1s within
range of the first base station or the battery power 1s
above the predetermined threshold.

17. A method as claimed 1n claim 15, wherein the pausing
the first communication 1s in response to receipt of a user
command.

18. A method as claimed 1n claim 15, wherein the first
base station includes a plurality of first base stations.

19. A method as claimed 1n claim 135, wherein the pausing
communication using the mobile telephone communication
includes detaching the mobile communication apparatus
from mobile telephone communication with the first base
station, and

wherein the establishing communication using narrow

band-internet of things communication includes attach-
ing the mobile communication apparatus to the second
base station.

20. A method adapted to operate an apparatus used 1n a
mobile communication device, the method comprising:

establishing a first communication between a first base

station and the mobile communication apparatus using,
mobile telephone communication, wherein the mobile
communication apparatus 1s within range of the first
base station and has a battery power level above a
predetermined threshold;

pausing the first communication when the mobile com-

munication apparatus 1s out of range of the first base
station or the battery power level 1s at or below the
predetermined threshold;

establishing a second communication between a second
base station and the mobile communication device
based on narrow band-internet of things communica-
tion; and

switching from discontinuous reception to extended dis-
continuous reception in response to a battery power

level of the mobile communication apparatus falling

below a second threshold, the second threshold being a

battery power level lower than the predetermined
threshold; and switching to power save mode in
response to the battery power level of the mobile
communication apparatus falling below a power save
threshold, the power save threshold being a battery
power level lower than the second threshold.

21. A method as claimed 1n claim 20, further comprising:

resuming the first communication between the mobile
communication apparatus and the {first base station
when the mobile communication apparatus 1s within
range of the first base station or the battery power 1s
above the predetermined threshold.
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